The atomic interactions between amorphous silica atoms were described by Tersoff potential with parameters published by Munetoh et al. 1 . The a-SiO 2 structure was generated by the melting-quenching method. The detailed procedures for generating a-SiO 2 from crystalline silica have been described by Ong et al.
There are a few schemes to reduce the computational cost of GKMA. The first way is to combine a group of modes together. Without calculating individual mode heat fluxes separately, one can combine a group of mode's contributions to the velocity of a given atom together and then substitute it into the heat flux operator.
Next, one can sum of a group of n modes' heat flux once instead of as n separate individual contributions. Mathematically, the correlation between combined mode heat fluxes and the total heat flux is exactly equal to the sum of all of the correlations between individual heat fluxes and the total heat flux. The only difference this combination scheme will make is on the specific heat correction. We have to take the averaged frequency of the combined modes in one interval to calculate the specific heat suppression. Here, the frequency interval we used is ~ 0.15 THz, which is small enough to have negligible effect to the final system TC. We have also tested that when using smaller frequency interval, the GKMA results do not change. Another scheme is to reduce the frequency of the mode heat flux calculations. Although the simulation time step is 0.1 fs for amorphous silica (a-SiO 2) , we do not need to calculate mode heat flux at every time step. When the heat flux is calculated every 5 fs, we observed no difference in thermal conductivity as compared to when a smaller time step was used. In order to efficiently conduct the calculation, we parallelized the algorithm of calculating the heat flux, mode heat flux and mode kinetic energy by implementing the algorithm in the force-routine of the Tersoff potential in LAMMPS 9 .
Heat flux pair-correlation map The mode-mode correlations as shown in Fig. s1 were computed from,
where n and ′ n represent two modes, is Boltzmann constant, T is the temperature and V is volume, Q is heat flux for a mode, C Q is quantum specific heat from Bose-
Einstein statistics 10 , and C c is classic specific heat, and ω is frequency of the mode.
Using the summation of all correlation functions between pairs of modes
, the resulting sum yields the Green-Kubo thermal conductivity at the simulated temperature, which represents the total integrated volume of the 3D map in Fig. s1 . 
Locon harmonic energy distribution
The harmonic energy attributed to each atom for each mode is proportional to the magnitude of the eigenvector for each mode on each atom. The detailed derivation and formula are discussed in a recent paper by Gordiz and Henry 11 . have more than 10% of their energy attributed to locons; 35% of the atoms have more than 20% of their energy attributed to locons; 8% of the atoms have more than 30% of their energy attributed to locons; 2% of the atoms have more than 40% of their energy attributed to locons; and 5 atoms in the system have more than 50% energy attributed to locons.
